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Introduction: The charged particle fluxes trap-
ped in the magnetic dipole fields of certain planets in
our Solar System are interesting signatures of plane-
tary properties in space physics. They also represent
a source of potentially hazardous radiation to space-
craft during planetary and interplanetary exploration.
The Earth’s trapped radiation belts have been studied
for years [1,2] and the physical mechanisms by
which primary radiation from the Sun and Galaxy is
captured is well understood. The higher-energy par-
ticles [3, 4] (Figure 1) collide with molecules in the
planetary atmosphere and initiate large cascades of
secondary radiation which itself becomes trapped by
the magnetic dipole field of the planet. Some of it is
even backscattered as albedo neutrons [1,5].

The spectrum or flux of cosmic rays (CRs) in Fig-
ure 1 is a function of energy E, in vacuo or in the
Galaxy. Based upon recent work [6], we will show
that in the presence of a planetary atmosphere, the
spectrum is actually bi-variant in energy E and at-
mospheric density p. As a paradigm shift, this new
point of view helps clear up some of the historical
difficulties associated with understanding trapped
radiation belts.
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Figure 1. Galactic cosmic-ray spectrum.

General discussion: In an effort to create a sim-
plified solar modulation model of inner trapped ra-
diation belts for the Earth, a regression algortihm
technique used in nuclear physics was applied to the
proton belt model known as AP8 [6]. The motivation
was to determine a formulation of trapped proton
flux at random epochs, in particular between solar
maximum and minimum since AP8 only applied at
maximum or minimum.

A key factor was the realization [7-10] that the
properties of the upper atmosphere of the Earth are
strongly coupled to solar activity, in particular at-
mospheric density p and temperature. Throughout
the course of the solar cycle, the Earth’s atmospheric
neutrals expand and contract the thermosphere in
response to the behavior of the Sun. Clearly, density
p in the concept of a dynamic atmosphere couples to
the charged-belt species as these undergo multiple
scattering off the neutrals. That in turn reduces their
lifetime in the belts. Therefore, it became necessary
to understand how atmospheric density per se cou-
pled to charged-belt population levels as a function
of solar activity. This was the simplified goal of that
study [6].
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Figure 2. Three-dimensional plot of the variance
between density p and Fy,; for Earth at altitude h.

Simple parametrization of density p shows it is a
multi-variant function of altitude h and solar activity
F107, shown in Figure 2. The parameter Fi7 is the
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solar radio flux at 10.7 cm, commonly used to simu-
late the magnitude of a given solar cycle. F7; =110
here for reasons given in [6]. Sometimes referred to
as carpets plots, another version is shown in Figure 3.
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Figure 3. Another illustration of Figure 2.

The AP8 proton flux J is known to be a multi-
variant function of h and energy E. However, h is
not a definitive parameter as a property of the atmos-
phere. Directly from the interdependence in Figures
2 and 3, a power-law approximation to AP8 for flux

shows it is bivariant in energy E and density p. The
resulting relation is J(E,p)~Y>A(EMp™, with A itself a
power law in E [6].

This is shown in Figure 4 for six altitudes (350,
400, 450, 500, 550, and 600 km), where the solid
lines are the regression algorithm and the dashed
lines (red) are AP8. The method can be applied to
any sophisticated trapped belt model besides APS,
adopted here only for its common useage and utility.

Conclusions: Comparison of the bi-variant flux
J in Figure 4 with the flux in Figure 1 (where p=0)
definitely shows how the presence of an atmospheric
background or medium of neutrals at density p is a
three-dimensional surface. Only in the limit as p—0
does the flux become a mono-variant function of
energy E as is usually assumed for flux spectra. For
p—0, Figure 4 is still a trapped flux (not a GCR flux)
but the effect of p is manifest.
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Figure 4. Bi-variant proton flux for a planetary atmosphere (Earth).
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